The use of selective COX-2 (sCOX-2) inhibitors with acute kidney injury, salt water retention, and cardiovascular events have been correlated in subjects with normal kidney function, but sCOX-2 inhibitor use concerning the progression of chronic kidney disease (CKD) remains uncertain. Objectives: To determine the progression of renal function and electrolyte abnormalities among CKD patients after using sCOX-2 inhibitors during short-and long-term periods. Methods: The study employed a retrospective cohort design comprising all types of CKD patients with and without sCOX-2 inhibitors (celecoxib and etoricoxib). Data collected included medical data, estimated glomerular filtration rate (eGFR), and serum electrolytes at 3 and 6 months between January 2009 and January 2014. Subjects attended the outpatient clinic and were then followed up until discontinuation of the drugs at years 1 and 2 until May 2016. Results: Ninety-two CKD patients on sCOX-2 inhibitors and 92 CKD patients without sCOX-2 inhibitors were included. The sCOX-2 inhibitor group showed more decline in eGFR than the control group at 3 and 6 months of follow-up (-8 , P=0.005, respectively). In addition, the sCOX-2 inhibitor group had significantly more increased serum potassium during the study follow-up than the control group. Conclusion: The sCOX-2 inhibitors are associated with an increased risk for rapid eGFR decline and hyperkalemia in both the short term and in the long term after sCOX-2 inhibitors were terminated in the setting of a community-based CKD population. For CKD patients, these results suggest that sCOX-2 inhibitors should be closely monitored and chronic exposure to any sCOX-2 inhibitors should be avoided.
Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs), both nonselective and selective cyclooxygenase (sCOX)-2 inhibitors, are used worldwide. sCOX-2 inhibitors act by inhibiting type 2 cyclooxygenase (COX), which transforms arachidonic acid into prostaglandins. sCOX-2 inhibitors also have a major role in inhibiting tissue inflammation and pain mechanisms. It preserves the gut lining, providing epithelial integrity and maintaining platelet function. Many studies have found reduced digestive tract complications, such as incidence of gastric ulcers and gastrointestinal bleeding, using sCOX-2 inhibitors compared with other NSAIDs. However, many reports [1] [2] [3] describe the adverse effects from sCOX-2 inhibitors such as acute kidney injury, glomerular disease, tubulointerstitial disease, fluid electrolytes imbalance, and cardiovascular events in patients with normal renal function. However, short-and long-term effects of sCOX-2 inhibitors in the progression of chronic kidney disease (CKD) remain unclear. 4 The results from the large cohort study by Kuo et al 5 and Gooch et al 6 showed that the sCOX-2 inhibitors might increase the risk of end-stage renal disease, which was in contrast with the result from the systematic review in the following years that concluded no definite renal outcome in a long-term period. The current study was conducted to mainly determine the relationship between sCOX-2 inhibitors and renal progression among CKD patients in short-and long-term periods. 4 
Materials and methods

Study design and population
A retrospective cohort design was used, and the subjects consisted of all adult patients (aged ≥18 years, n=184) with a diagnosis of CKD as designated by Kidney Disease Improving Global Outcomes criteria, 7 who were seen for any care at the Outpatient Medicine Clinic, Phramongkutklao Hospital, Bangkok, Thailand, between January 1, 2009 and January 1, 2014. After we determined the patients' baseline characteristics and collected early renal outcomes data, all participants discontinued NSAIDs and were closely followed up until May 1, 2016 to assess the long-term outcome. The study was approved by the Institutional Review Boards of the Phramongkutklao Hospital and College of Medicine. The CKD patients were randomly assigned to participate in each study group. All participants received standard treatment for CKD within 3 months before starting the study. The control group was defined as CKD patients who did not receive any NSAIDs during the study period. The other group was made up of CKD patients who received sCOX-2 inhibitors such as celecoxib and etoricoxib for more than 3 months. Exclusion criteria included patients with CKD Stage 5, CKD caused due to obstructive uropathy, and use of other NSAIDs or nephrotoxic agents during the study period. Complete medical history and physical examination were performed on all subjects.
Laboratory investigation
Comprehensive serum chemistries such as creatinine, electrolytes, albumin, cholesterol, triglycerides, and hemoglobin level were measured at baseline. Serum creatinine and potassium were also continually assessed during the study at months 3 and 6 and after NSAIDs termination at years 1 and 2. Estimated glomerular filtration rate (eGFR) was estimated using the Chronic Kidney Disease Epidemiology Collaboration equation (CKD-EPI) formula.
Statistical analysis
The estimated sample size was calculated, and 92 patients per study arm were sufficient to detect the difference of eGFR using a two-sided α of 0.05 and 80% power between study groups. Data are presented as mean, standard deviation for continuous variables or as a percentage for categorical variables. Normal data distribution was confirmed using the Kolmogorov-Smirnov test. Data were analyzed using c 2 tests or Fisher's exact tests for categorical variables and the independent t-test for continuous variables. All statistical analyses were performed using the SPSS version 22.0 (IBM Corporation, Armonk, NY, USA) for Windows, and the level of statistical significance was set as P<0.05.
The Phramongkutklao Army Hospital Institutional Review board approved the study. All patients provided written informed consent to participate in the study.
Results
Characteristics of subjects
A total of 184 patients diagnosed with CKD at the Outpatient Medicine Clinic, Bangkok, were enrolled in the study. Ninety-two patients were assigned to the control group, and 92 individuals to the sCOX-2 group. The indications for specific COX-2 inhibitor administration in the sCOX-2 inhibitor group were presence of chronic myofascial pain syndrome (n=24 [ Table 1 . No significant differences were found regarding age, sex, cause of CKD, eGFR, and sodium and potassium levels.
Metabolic outcomes during the study period
During the whole study period, patients did not alter their usual medical treatment, such as using antihypertensive and hypolipidemic agents. No significant change in body weight and blood pressures was observed between the patients with or without sCOX-2 inhibitors (data shown in Table 2 ). Routine blood chemistry and hematologic parameters such as albumin, cholesterol, triglycerides, and hemoglobin did not significantly differ in both groups.
Renal outcomes during the study period eGFRs calculated using the CKD-EPI formula during the study are shown in Table 3 ; no significant differences were observed in eGFR between the two groups (41.23±1.27 and 39.51±1.01 mL/min/1.73 m 2 ; P=0.291). eGFR decreased significantly in the sCOX-2 group when compared with the control group after drug use for months 3 ; P<0.001). Furthermore, no significant change was observed between the two groups at years 1 and 2 after drugs were withdrawn. However, the decrease in eGFR significantly differed in both groups during the whole study period (data shown in Table 4 ). The number and percentage of patients receiving celecoxib and etoricoxib, total dose, duration of exposure, and mean daily dose are shown in Table 5 . The semiquantitative urine protein 
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Kaewput et al examination (Table 6 ) did not significantly differ in both groups and at different time sequences. Moreover, the cellular casts and sterile pyuria were not reported in the urinary examination during the study period.
Serum sodium and potassium levels change during sCOX-2 use
Serum sodium and potassium levels during drug use are shown in Table 7 . No significant differences were observed in serum sodium levels between the two groups. In contrast, serum potassium levels increased significantly in the sCOX-2 group during the study period.
Safety profile
During the 2-year study period, no serious adverse events were reported related to sCOX-2 NSAIDs use, such as acute renal failure, dialysis, kidney transplantation, and cardiovascular event.
Discussion
The present study constitutes the first retrospective cohort study of sCOX-2 NSAIDs and renal progression in a community-based CKD population. The eGFR decreased significantly in the sCOX-2 group when compared with the control group during drug use. In contrast, the serum potassium level increased significantly in the sCOX-2 group during the same period. Regarding long-term renal outcome, the eGFRs were improved after discontinuing NSAIDs, but they did not return to normal baseline. Although withdrawing sCOX-2 inhibitors improved renal function in years 1 and 2, mean difference in eGFR in the sCOX-2 group showed a greater decline than in the control group long term. These findings suggest that some permanent kidney damage combined with worsening renal hemodynamic effects might have occurred after using sCOX-2 inhibitors since the early period.
The previous animal models 8 demonstrated that renal prostaglandins synthesized mainly by COX-1 and COX-2 served as compensatory mechanisms of renal hemodynamics. Therefore, nonselective NSAIDs and sCOX-2 NSAIDs will also theoretically regulate and reduce renal prostaglandin formation by inhibiting COX, thereby worsening renal hemodynamics. COX-2 can be found in thick ascending limbs, macula densa, glomeruli, and afferent and efferent arterioles. A subsequent clinical study has also provided evidence that COX-2 inhibitors affect renal hemodynamics. 9 Acute kidney injury caused by sCOX-2 inhibitors was encountered several days after starting drug use. The previous case report in 2002 clearly demonstrated that sCOX-2 inhibitors caused acute tubulointerstitial nephritis (ATIN). 2 Moreover, other studies 9 have revealed that sCOX-2 inhibitors also caused acute ischemic tubular necrosis, nephrotic syndrome due to minimal change disease, acute papillary necrosis, 1,10 hyperkalemia, and type 4 renal tubular acidosis. The previous study showed that conventional NSAIDs increased the risk of renal progression and end-stage renal disease in CKD. The large cohort studies from Gooch et al, 6 Hemmelgarn et al, 11 and Yarger et al 12 demonstrated that accelerated CKD progression occurred in 10.9%-13.3% of the study participants. Although high cumulative NSAID exposure was significantly associated with an increased risk of accelerated CKD progression, regular NSAID use was not associated with an increased risk of accelerated CKD progression, especially among Stage 3 CKD patients. According to Kuo et al, 5 CKD patients using NSAIDs had an increased risk for ESRD. In contrast, Evans et al 13 reported no significant association between aspirin use and renal function decline.
The recent meta-analysis confirmed that sCOX-2 inhibitors such as celecoxib, rofecoxib, parecoxib, etoricoxib, and lumiracoxib had class effects, causing abnormal renal function and diseases. 3, 14, 15 The risk factors comprised receiving high dose, prolonged drug use more than 6 months, and comorbid diseases.
The result of the present study also demonstrated that CKD patients receiving sCOX-2 inhibitors had partially improved renal function following discontinuation of NSAIDs at years 1 and 2. It was hypothesized that prolonged use of sCOX-2 NSAIDs might produce renal fibrosis by prolonging subclinical renal ischemia or the healing process from subclinical interstitial nephritis after delayed termination of causative drugs. The present study also demonstrated data analysis of the semiquantitative urine protein examination (Table 6 ). The data suggest that most patients have a urine indicative of renal tubulointerstitial disease pattern such as minimal proteinuria (urine protein <2+) and no cellular casts. Previous reports have clearly established a causative relationship between sCOX-2 inhibitors and tubulointerstitial disease such as acute tubular necrosis and ATIN. 16 The etiology of ATIN most likely to be encountered is that of idiosyncratic drugs, not dependent on dosage and duration of drug exposure. Early discontinuation of causative drugs was the treatment of choice. A good prognosis was associated with rapid termination of drug use, especially within 7 days. 17, 18 Delayed drug termination has caused permanent renal fibrosis and affects renal function. Additionally, subgroup analysis found no different renal outcomes between any types, any dosage, and duration between 3 and 6 months in using NSAIDs. Although eGFR at the end of study did not differ between two groups, the rate decline in eGFR over 2 years worsened more than twice in the sCOX-2 inhibitors group than in the control group. These data indicate the possibility that subclinical ATIN might cause deterioration of kidney function in the sCOX-2 inhibitors group. The negative impacts are on patients approaching change in the stage of CKD. 7 Previous reports have demonstrated that more advanced stage CKD was a factor affecting risks of GFR decline and high mortality in CKD patients. Previous studies supporting this reason, such as those of Nussmeier et al 14 and Ejaz et al, 19 reported that parecoxib and valdecoxib increased the risk of eGFR deterioration and development of CKD by 1.5-2.5 times. 14, 19 Another study found that sCOX-2 inhibitors caused a 35% incidence of renal deterioration and abnormal electrolytes side effects in contrast with 16% in the nonselective COX-2 inhibitors group. 20 sCOX-2 inhibitor avoidance is imperative to delay renal function deterioration among CKD patients. However, CKD patients requiring sCOX-2 inhibitors use should be closely monitored. Otherwise, hyperkalemia can occur during the early phase when continuing medication and in the long term after sCOX-2 inhibitors termination. These findings were supported by the present data. The possible cause might be from low eGFR and hyporeninemic hypoaldosteronism.
The limitations of this study include: 1) The observational study design -so no kidney biopsy was used to diagnose causative renal diseases, such as acute ischemic tubular necrosis and ATIN; 2) The study did not adjust for the number of participants with underlying hypertension and hyperlipidemia from both groups equally. These were implicated in the deterioration of renal function. However, the participants from both groups controlled blood pressure using angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers and serum lipid levels using statins rather well during the whole study period; 3) The study was done on 184 patients from a tertiary level hospital in Bangkok. It might not be possible to generalize the results. 4) The treated group was a combination of those who received celecoxib and those who received etoricoxib, and so the results might be inconclusive regarding the more nephrotoxic effects because of the limitation of the retrospective cohort design and insufficient power of this study. Celecoxib is unique among its class with many mechanisms of action (such as phosphodiesterase inhibition) other than COX-2 inhibition.
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Conclusion
This study provided evidence that a 3-6 months continuous treatment using sCOX-2 inhibitors effected nearly double the decline in eGFR and increased the risk of hyperkalemia The International Journal of Nephrology and Renovascular Disease is an international, peer-reviewed open access journal focusing on the pathophysiology of the kidney and vascular supply. Epidemiology, screening, diagnosis, and treatment interventions are covered as well as basic science, biochemical and immunological studies. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. dovepress.com/testimonials.php to read real quotes from published authors.
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Kaewput et al in community-based CKD patients, both early on and in the long term. Therefore, it can be implied from these results that sCOX-2 inhibitor avoidance for more than 3 months is imperative to delay renal function deterioration among CKD patients.
